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I  Abstract 

Ttie  ^licability  of  a  nniqne  disdiarge  chamlier,  rreykxjdy  studied  by  VI  Miljevic,  a$  &e  ion 
source  for  a  meso-scale  ica  thmster  was  iavestigateii  Hie  disdi^  chamber  geometry  was  chosen  due  to 
promi^g  reported  results  'tviddi  a{^)eared  to  alleviate  tbe  requirement  (rf  external  magnetic  while 
achieving  an  adeqmte  degree  of  iooizatico.  The  earlier  results  frean  spectroscopic  stodSes  on  die  disdiarge 
ch^ber  indicated  a  high  d^ee  of  ionizaticn,  making  it  a  caoSdate  ccofiguradMi  fcr  an  ion  dmjster.  An 
f^jnate  of  the  d^ee  of  ionizatioo  using  a  ^omple  model  of  ^scharge  a  low  aidiievable 

iooizatio!!,  v*idi  stimulated  ftinher  examinatioa  of  Miljevic’s  wAk.  The  previous  spectroscc^ac  studies 
were  rqieated  and  discrepancies  were  found.  Ad^tional  sp^os<^c  and  Langmuir  probe  measurements 
were  made  in  the  plume  to  detenTiine  the  degree  i«iizatiot|  of  the  <Ssdharge  for  several 

operating  contfitions.  The  degree  cf  icoizatico  was  ciqserimeataffly  shown  to  be  0.06-0.15%,  A  simple 
extraction  ring  increases  tbe  d^ree  of  itmizadou  by  roughly  a  fecter  of  3. 
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L  Introduction 


A.)  loD  Thruster  Scafing  Issues 

The  coirent  treod  towards  smaller  spacecraft  {Koduces  a  coii‘e^)oadiag  reqacrement  for  smaller 
thrusters.  Magnetic  fidds  place  a  lower  bound  oo  the  size  to  ^di  traditional  too  thrusters  can  be  scaled.' 
Full  scale  ion  thrusters  use  magnetic  fields  to  increase  dectrcA  path  lengths  sbd  thus  provide  the  necessary 
levds  of  ionization.  The  ^nraliog  dectrons  most  have  a  gyioradius  small  enou^  to  keq>  dtem  from 
sttihing  the  walls  die  discharge  diamber.  Since  gyroraifii  scale  ioversdy  with  magnetic  field  strength, 
smaller  discharge  chambers  require  larger  magnetic  fields.  A  practical  limit  on  the  magnetic  field  that  can 
be  allied  to  the  tbruster  creates  a  limit  to  the  smallest  ^ze  a  dbebarge  chamber  can  be  scaled.  Another 
metiiod  of  providing  adequate  degrees  of  icmization  needs  to  be  found  for  micro  ion  titmsters. 

One  posdble  sdution  is  to  enhance  the  discharge  diamber  gecunetry  to  provide  tiie  required  degree  of 
ionization.  If  this  is  accomplidied  for  a  ^ven  ^  thruster,  then  by  blowing  simple  scaling  parameters 
the  thruster  can  be  scaled  to  different  ^zes.  The  small  aze  and  relative  simplicity  of  tids  type  of  thruster 
would  lend  itself  to  bdng  aoayed  in  xdativdy  large  groups  thrusters  in  order  to  provide  scalability. 
There  are  many  different  quantities  tiiat  can  be  affected  wben  scaling  an  electric  disdiatge,  incdudoig  the 
dectiic  field,  breakdown  potential,  current  density,  ^lace  charge  density,  and  rhift  vdod^.  Scaling 
{uopeities  for  simple  planar  dectrodes  have  been  extensivdy  studied  and  are  well  understood.^  There  are 
tiiree  quantities  thatmust  be  matched  if  planar  electrode  dischaiges  are  to  be  similar.  These  are  pd.  E/p  and 
J/p^  where  p  is  the  gas  pressure,  d  is  the  diaracteristic  ^fimendon,  B  is  tiie  dectric  field,  and  J  is  tiie  current 
d^ty.  The  pd  product  determines  the  breakdown  characteristics  c^  the  discharge  chamber  according  to 
Pascheo's  law  as  tihown  in  Eq.  1.  This  quantity  is  a  measure  oi  tiie  number  of  collisions  that  a  particle 
undergoes  during  its  tiavd  through  the  discharge  chamber.  The  breakdown  potential  is 


Bpd 
Apd  ^ 

ln(l+l/r), 


0) 


The  E/P  quanti^  detennmes  die  energy  gained  by  a  charged  particle  between  tx^lmoas.  The  current 
den^ty  varies  witii  p^  which  provides  die  Townsend  amilatky  tdatioo  tiiat  for  pd  and  J/p^  scaling  the 
disdh^es  will  have  similar  breakdown  and  electrical  characteristics.  Much  less  is  known  about  die 
scaling  of  other  types  eff  discharges. 

B.)  Requffeiuentefcrionimkrothrnsters 

There  arc  c«rt^  operational  capatafities  tiiat  must  be  met  by  a  discharge  chaniber  if  it  is  to  be  used  in 
a  small  scale  ion  thruster.  By  assuming  that  the  Non-Mt^etic  Ion  hficro-Thiuster  (NMIMT)  should  have 
amilar  specific  power  levels  foe  a  given  the  necessary  d^ree  of  iooization  for  the  small  scale  discharge 
diamber  can  be  estimated.  This  is  reasrxiable  ^ce  tiieieqiiiied  velodty  increment  for  ^)acectaft  does  not 
dqtend  on  the  spacecraft  size.  Table  1  shows  characteristics  of  ty^cal  fuU  scale  ion  tiuusters. 


Specific 
impulse  (s) 

Thrust  OnN) 

Size  (cm) 

Specific  Power 
(W/mN) 

3000 

20 

12 

37 

NSTAR 

3310 

92 

30 

25 

XIPS-13 

25S5 

2720 

17.8 

18 

13 

23 

RTT-lORFioD 

engine 

3000 

3150 

15 

10  . 

39 

TaWe  1:  R^rresentative  Gbmacteiistics  of  a  Sample  crfFuU  Scale  Ion  Thrusters* 
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The  total  for  aq/dectric  thruster  is  the  sum  of  the  neutral  (1^  and  ion  components  (I^j)  given  by 


where  oq  is  the  degree  of  ionizadon  in  die  thruster.  The  specific  impulse  of  the  ion  and  neutral  components 
are  given  by 


y  _f2(1.602xl0-^^AVl^ 


(3) 


2(j+l)kZy 


S» 


(4) 


whoey  is  die  latiot^  the  spedfic  beats,  k  is  Boltmann’s  constant,  Toisdietempaatufeofthepfoiidlant 
gas,  g,  is  standard  pavity,  m  is  die  molecular  mass  oi  die  propdOant  gas,  V„  is  (he  e:dt  vdocity  of  the  gas, 
AV  is  the  Kceleiatmg  voltage  ^lied  to  the  iogs,  andmw  is  tbemcdecular  weight  of  the  propdlant  gas. 
The  t^ildied  power  per  unit  dtmst  is  dieo  ^ven  by  Eq  5. 


\ 


Pt  _ 

1 

where  Pp  is  he  tfisdiargc  power  o£  the  thruster  and  m  is  the  mass  flow  of  the  propellant  gas  diron^  the 

thruster.  Rg.  1  diows  die  effect  of  degree  of  ionization  co  the  ^(cdfWiPOwer  and  qtcdfic  impulse  for  the 
initial  discharge  (hamhcr  chosen  for  dlc^^^l^  The  exit  diameter  fcf  the  dmister  was  1  mim  Atypical 
accderaiion  voltage  of  1000  V  was  assumed.  Ihe  gas  teajqperatorc  was  assumed  to  be  100^  wih  flic 
msdhaxge  voltage  and  current  of50(^  aid  10  mA,iespectivdy. 


Rg.  1  Effect  of  ioDizadoq  degree  on  perfoa 
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C*)  NMIMTdisdlidJrSecb^ndierc^^ 

For  over  years,  hcJlow  anode  {dasma  sources  have  been  used  in  a  wide  variety  of  applicali«is 
mdodiag  dectron  beam  weldOng,  material  proces^g.  and  lasers.^  Recently,  hollow  anode  plasma 
sources  whidi  utilize  gas  dynamic  ring  jets  have  been  used  in  an  attempt  to  increase  die  degree  of 
iemizautm  near  the  ^t  aperture  the  anode.^**^  hi  this  configuration,  the  hollow  anode  devices  resemble 
tyincal  large  scale  (~30  cm)  km  dirustcrs  triudi  utilize  magnedc  field  coufinement  of  the  dectrons  and  icm 
acoderating  grids,  hi  reviewing  die  literature  on  hollow  anode  discharges,  the  work  erf  Miljevic‘®’”’*^‘* 
appeared  to  be  quite  interesting  fiom  a  microptopulsion  standpeinL  Miljevic  used  a  S>mm  hemi^erical 
cadiode  with  a  l>mm  orifice  liriikh  acted  as  die  hdlow  anode.  The  voltago-cuncnt  characterisdes  fiir  this 
device  appear  quite  attractive  f<x  overall  power  usage^  and  results  showed  diat  no  electrode  material  was 
seen  in  ^[leciia  taken  near  die  exit  plane  c£  the  diruster  inthcatiug  little  or  no  degredation.^^  The  most 
intriguing  result  was  that  no  neutral  lines  were  detected  in  ^tectra  taken  over  a  mde  range  of  wavelengdis 
<220  -  900  nm)  implying  a  rather  hi^  degree  of  ionizafiou  in  an  argon  discharge.  It  appeared  wc^while 
to  pursue  this  device  as  a  pc^tM  ioo  source  for  a  micropropulrion  system  rince  the  high  d^iee  of 
iOiiizatioti  was  obtained  mthoot  die  use  of  magnetic  coutainmeot  of  the  electrons. 

The  discharge  chamber  riiowo  in  Hg.  2ha$  a^^mmiadiushemi^erkal,  aluminum  cadiode.  A  0.2^ 
mm  diameter  piopdlant  inlet  was  drilled  in  die  cen^*  of  die  cadiode  and  a  secoud  0.^gmn  hede  was  drilled 
<0  axis  to  alkiw  pressure  measurements  in  die  ifischatge  chambtf.  Opposite  the  cathode  is  a  l<*inm 
diameter  eyfindricat,  aluminum  hollow  anode.  The  fiat  inner  smface  of  the  electrode  was  covered  wit&  a  5 
03i]  tibick  mica  To  opearatc  as  a  complete  tfanister  the  NMEMT  would  rc<|uirc  extraeden  and 

acceleratmg  grids  and  a  plasi]^  neutralizer.  Hiis  initial  mve$tisaticn  i$  interested  in  die  ionization 
effectiveDess  of  the  dischai^e  chamber  only. 


Anode 

Rg.  2  NMIMTlM$c3iargc  Chamber  Schematic 


II.  Theory 

A  simple  model  can  be  used  to  estimate  die  degree  of  ioDizafiou  in  the  discharge  chamber.  The  insulaficai 
OQ  the  inride  sur&oe  of  the  outer  electrode  prohibits  the  electric  fidd  lines  from  attaching  to  die  sur&ce  as 
shown  in  Fig.2.  Therefore;  die  field  lines  only  attach  to  die  hc^Iow  anode  surfecc  vriiich  has  a  focusing 
^ect  on  die  dectroos  (hat  are  emitted  frmn  die  cadiode.  The  dectrous  arrive  dose  to  die  anode 
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accdcrated  toojigh  a  agoificant  fiactioo  of  the  acceleradoo  v<^tage  to  toe  catoode  ton  regon,  to  tois 
r^cD,  they  ionize  toe  disdiarge  gas  wtoich  is  flowing  torough  toe  orifice  into  toe  vacuum  diamhcr.  The 
disdiarge  gases  are  esqwsed  to  toe  intense  dectron  emreo t  for  some  time  t,  toe  leddeoce  rimp;  in  the  prifire 
cf  (engto  U  as  given  in  Eq  6. 


r=- 


u, 


(6) 


Of  is  toe  vd^ty  at  which  toe  neutrals  are  ttavdltog  throng  the  exit  orifice.  FOr  expansion  into  a 
bi^  vactium^  will  be  ^)proxmiatdy  the  ^)e6d  of  sound  in  the  discharge  chamber  as  given  by 

k  ‘ 


u. 


(7) 


’iy—zr 

mj 

The  dectFon  cuneat  to  toe  orifice  is  taken  as  I4  so  toat  toe  cunent  density  is  VA,.  Due  to  toe 
dficttoos,  tois  ioQoatico  rate  per  unit  volume,  since  n,u, = (624  x  lO^XVA,,),  is  ^ven  by 


Ni  »(6.24xl0‘»)^ 


[A.) 


Fi^d 


(8) 


where  n,  is  toe  dectrou  number  deoaty,  u*  is  toe  dectron  vdodty,  is  toe  number  density  to  toe  exit 
oii^  A»  is  toe  oross-sectional  area  df  toe  exit  orifice,  and  dt  is  toe  dectron  impact  ionizatiai  aoss- 
secQOD  for  toe  propeUant  gas.  The  total  accumulated  d^ree  of  icauzafiem  to  the  gas,  afttimtino  the 
icxiizatioo  to  be  rdalivdy  is  given  by 


(6.24xl8“(^W 
W,r.L - 

Ur 


(9) 


Assuming  toat  toe  iOQ  and  neutral  gas  arc  flowing  at  toe  same  q)eed,  05  toe  degree  of  iooizatico,  ca.  is 
given  by 


«;  = 


Njt  ^ 

nd 


(624x10 


y  (“/  ; 


(10) 


A  t^cd  value  for  toe  emreat  dendty  to  a  djschai|e  is  1  A/cm\  The  dectrou  toqiact  icoization  ctoss- 
secdOQ  for  argon  at  au  energy  <rf  150  eV  is  3xlO  >*^cm*.  Hie  orifice  length  is  1  mm  and  toe  discharge 

Aa^temperatureisassiimediobeSOClC  m  provides  a  rough  cstonatc  of  toe  d^ee  of  iooizatioD  ^ 

toe  (faschaige  chamber  of  0.6%.  Xenon  fa^an  ionization  aoss-^ection  <d  tixlO"*^  cm®  and  has  a  ratio 
to  argon  of  325  providing  3d  iomzation  degree  of  ^pproxhnatdy  2%.  This  does  not  agree  with  toe 

previoasq)eciioscoiHCresults''^vtoichtotocatemodihighcrde0recscfiooi2ati<a. 

m*  Experimental  Setup 

test  todlioriBcd  to  reviewing  toe  discharge  chamber  was  a  0.^diamerer  stainless  sted  vacuum 

Vacaium  pm^ng  the  chamber  was  done  by  a  rotary  vane  mechanical  pump  and  an  800 1/s 
totbomolcc^  through  a  side  mounted  port  Hie  system  provided  an  ultimate  pressure  in  toe 

chamber  ^  Ixl^  Totr.  Hg,  3  shows  toe  NMIMT  cEscharge  chamber  and  vacuum  diamber  (ix.,.) 
pressures  for  various  mass  flows.  V4«iuuw 


PAUL  yyi. 
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Argon  Mass  Plow  (SCCM) 

Fig.  3  NMIMT  EHlsdbaige  Otiamliejf  and  Vacuum  Chamber  Pressure  Relationships 

Fig.  4  illostrates  the  optical  and  plaaoa  probe  diagnostic  setop  for  die  NMINfT  discharge  diamber. 
Hre  flmjster  can  be  positioned  in  two  locations  lo  allow  spectroscopic  investigation  oi  fire  light  «>mitt<vi 
axiaUy  and  normally  to  die  plisne  direction.  Hie  collected  Hghj  i$  coUimated  and  focussed  on  foe  en{fa**<T 
of  a  0.$^  doable  spectrcmeta.  The  Langmuir  probe  is  mounted  Z5  can  downstream  fiom  foe  exit 
wifice  of  th^disdiarge  diambcr  wifo  foe  disk  smfocc  normal  to  foe  axis  of  foe  plume.  The  foaneter  of  foe 
prcbe  is  5J$  mm,  and  it  is  mounted  nonnal  to  die  ^nme  flow  forection  to  operate  as  a  stagnatinn  type 
Langmuir  probe.  The  corrent  ccdlected  by  foe  Langmuir  probe  is  inferred  by  measuring  foe  voltage  drop 
across  a  1  MQ  resistor. 

Tbe  discharse  was  operated  on  argon  to  allow  cr^pariscns  wifo  previous  studies^®  and  to 
inyestigate  foe  different  modes  of  operation  yfoile  avoiding  foe  costs  of  nmning  cm  xenon.  A  vatiable 
resistor  was  placed  in  foe  power  line  to  aid  in  foe  starting  of  foe  fosdiarge.  The  foscharge  is  strudk  at  a 
higjier  ventage  foan  die  minimnm  nonnal  operating  voltage  at  foe  ^en  jaiessiire.  The  resistor  allows  a 
hi^  voltage  to  be  initially  apjdied  to  foe  discharge.  As  socm  as  foe  discharge  is  struck  and  current  is  drawn 
the  voltage  ^lied  to  foe  discharge  is  lowered  to  operational  levels.  The  discharge  could  be  eperated  at 
pressures  above  0.75  T<»t,  wifo  fosdiarge  cocrents  op  to  15  mA.  i 
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Rg.5  V-IGiaraaensdcsc^t&eNMIMTI^sdtiiargeCbaniber 


B.)  ^ledroscopy 

Two  spectroscopic  coofigwatioos  were  used  to  an^yze  the  NMDvfT  (fisdiarge  diamber  {dmiie.  Ihe 
first  was  to  ct^ect  li^t  axially  almg  die  plume  ans  wid)  tbe  ccdlectiag  lens  focused  on  (he  exit  onfice 
(bcdlow  anode).  Hus  mediod  is  very  qualitative  in  nature  because  it  integrates  along  tbe  axis  collectmg 
infonnadoQidxsmtbedisdiaigefrointbeexitodficetbroogbtbeeadofthepIume.  This  method  was  used 
to  compare  wiA  pretdous  lesults^^  for  a  smilar  dischatge  diamber.  The  qiectrcaneter  used  was  a  Q.7^ 
double  spectrometer.  The  slit  Twdthswexefcqpt  between  50  and  200 pm.  ^ 

An  attempt  was  made  to  run  die  <h$charge  at  die  same  conditions  as  during  die  previous  stmhes,*^  but 
limited  puWidied  infixmatka  made  die  (Srect  ocanparisous  difiScult  A  wide  variety  of  operating 
ctHuhtions  were  investigated  and  aQ  die  resuldag  spectra  contained  neniral  lines.  Rg.  6  is  a  spectrum 
taken  fix  a  discharge  current  1.25  ntA  and  a  thscharge  pressure  of  0.75  Terr.  Hg.  6  ^ow$  die  stnmg 
neutral  lines  diat  wore  present  in  the  fiur  red  porden  of  the  speennm  regardless  of  the  operating  condMmis 
used  in  this  research.  Although  the  trend  is  to  reduce  die  nentral  to  ion  ratios  as  die  discharge  emrent 
increases,  the  nentral  lines  in  die  ^lectinm  are  always  present  Rg.  7  shows  neutral  to  km  line  ratios  for  the 
disdiarge  chamber  ^ume  at  a  discharge  pressure  of  1  Toir. 

Tbe  odier  spectroscopic  coofignratioQ  coUects  light  ncvmal  to  die  plume  axis  at  a  distance  of  4^ 
downstream  the  end  of  the  exit  orifice.  This  medtod  was  expected  to  gain  reladveinformalicn  about  ^ 
dischaige  diamber  in  diJffixeiit  modes  of  operadon;  however  it  provided  no  informadon  since  km  lines 
were  not  detected  in  dns  mode. 
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C>)  Lan^Biiiir  probe 

Langmmr  pfobe$  are  coBmioa  di^noslic  tods  used  to  study  plasmas.'^  In  die  in  vesdgatioa  of  tbe 
Mtiddiscbarsedtamberdiosa  for  die  NMIMT  a  disk  shaped  Langmuir  probe  Tiith  a  diameter  0^5  cm  is 
used  to  measure  tbe  ion  current  O.  a  distance  cf  2^  cm  downstream  of  the  tfisdiar gc  ebamber.  Tbe  ion  flux 
is  estimatedfrmn  Eq.^by  assuming  tbat  the  kn  saturation  current  was  tiiai  current  collected  by  tbe  probe 
at  a  bias  of -180  V- 


^  UUj 


eA„ 


(11) 


'ndbere  laa  is  die  ion  saturation  cuiient  cr^lected  by  the  probe,  e  is  the  unit  charge,  and  is  the  frontal 
sun^  area  of  the  Langmmr  probe.  The  probe  is  a  stagnatiem  point  type  Langnunr  probe  widi  its 
longittuSnal  axis  normal  to  die  ifischarge  chamber  plum&  The  mean  free  path  at  the  probe  location  is 
between  60  mm  and  12  mm  f<y  dischatge  diamber  pressures  of  I  and  5  Terr,  reflectively.  The  uomber 
(ten^ty  at  die  probe  locatiOQ  is  primanly  due  to  die  plume  gas  as  determined  by  Eq.  i2.  The  D^e  leagdi 
at  dus  locaiioQ  in  the  plume  is  between  0.2  and  OJS  mm  depeoiSng  on  the  <fischarge  oonthtioos.  The 
thidmess  around  die  probe  is  ronghly  four  times  the  Debye  lengdi;  therefore  the  probe  sheadi  is  slighfly 
smaller  than  the  diameter  of  die  probe.  Hus  win  cause  die  results  obtained  by  u^g  die  planar  probe 
analy^  to  be  only  ^iproxhnaie,  irfiidi  is  suffident  for  die  first  analysis  of  the  (fischarge  chamber. 

By  comparing  die  ioo  flux  to  die  expected  neutral  flux  at  diis  distance,  the  d^ree  of  ionization  can 
be  estimate  Hume  expansioa  into  a  peifea  vacuum  will  provide  an  axial  number  dendty  distribution 
^venby^ 


(12) 


where  n.  is  the  neutral  number  density  along  die  centerKne  of  die  plume  at  a  distance  r,  away  from  an 
orifice  of  diameter  D„.  Cj  is  a  frictordiat  only  depends  on  the  ^edfic  heat  ratio  and  is  0. 15  frirargcn.  If 
tbe  neutrals  are  assumed  to  be  sonic  at  die  exit  orifice,  die  vdodty  the  neutrals  is  g^ven  by 


V. 

'  juaa, 


(13)  ^ 


Since  die  flow  i$ 
Sjven  by 


positiiO](Ltbe  neutral  flux  will  then  be 


.  (14) 

The  iouizatioQ  degree  is  the  ratio  die  kn  flux  to  the  neutral  flux  ).  Fig.  8  ^ows  the 

experimentally  derived  degree  of  ionization  for  die  discharge  chamber  at  difib?ent  Operating  conditions. 
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Discharge  Chamber  Pressure  (Torr) 


Fig- 8  NMIMTlDischarge  Chamber  Effi^ 

As  shown  ill  Hg,  8,  Ae  maidmnm  iomzaticiii  (xcon^ed  for  a  disdiarge 

^  a  ^veo  discharge  current  The  viaWe  plume  emanating  fiom  (he  hollow  anode  r^on  of  the  discharge 
djamber  almost  disappeared  vdien  opetaiing  at  disdtiarge  chamber  presswo  of  1  Toff  and  a  (fisdiarse 
cnnoit  of  mA.  Uiis  condition  was  near  die  edge  of  file  operaional  eovdepe  of  tbe  disch^ 
as  dmwn  by  die  k)w«  ionization  degree  (ban  for  flie  same  carmat  at  hi^  pressates.  The  dectioo 

tempemtare  can  be  estimated  by  i^otting  file  nataral  log  ofI-la<^4bes  die  probe  potentiaL  Wisdieico 

sannation  omenL  The  slc^  of  tbc  line  is  e/kT«,  and  from  fiiis  the  election  temperatare^  T*  can  be 

calcalatcA  Kg  9  sh<m  the  estimated  dectiqo  temperature  at  diffeieot  discharge  cooifitions.  The  election 
tei^ieratoe  is  when  compared  to  glow  disdiar^.  1111$  is  doe  to  the  hollow  anode  eSett 

m  tte  exit  aifice  ,  w*cre  dectroos  ballistically  sqiaiate  from  fidd  lines  and  emerge  as  an  deettoo  beam 
'With  an  energy  dose  to  die  cathode  &lt 
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An  i<xi  extcactioa  liog  was  placed  near  die  exit  of  tbe  hollow  anode.  The  ring  has  a  diameter  of  2 
can  and  was  {Placed  1  cm  downstream  from  the  esdt  tvifice.  Rg.  10  ilhistrates  the  effect  of  the  extracrion 
ring  on  the  cmrent  collected  by  ttie  Langmirir  probe  at  a  tfisdiarge  chamber  pressure  ctf  5  Tar.  'Widi  a 
pnnst^nt  flow,  the  increased  probe  corren^  relates  directly  to  the  rfe^ee  of  ionizadon  in  die  plume. 
Rg.  10  shows  the  normalized  probe  ctnrent  vjerses  the  extracticn  ring  paential  where  is  die  current 
collected  by  the  probe  with  zcrotaas  on  the  ring. 


Extraction  Ring  Voltage  (-V) 

]^g.  10  Extmctkn  Ring  Effect  on  I^scbarge  Chamber  Plume 

V.  Conclu^ons 

Ihe  initia]  discharge  chmnber  chosen  for  die  MMIMT  is  ^own  to  provide  a  lower  decree  of  ionization  than 
previoosqiectroscopic  results  indicated.  A  rimple  model  predicts  diat  the  d^ree  of  fonizaticQ  produced  by 
die  disdiatge  chamber  t^ile  running  oa  argon  is  0.6%.  Attempt  to  r^rodoce  earlier  results  foiled, 
pos&Uy  due  to  insoffident  published  data  ou  predse  opetadng  conditioos.  Langmmr  probe  measurements 
inificate  diat  the  disdiarge  chamber  provided  a  degree  d  ioii^tioo  under  0.15%.  The  ample  model  is 
expected  to  overestimate  die  degree  of  kmizadon  provided  byjthe  discharge  chamber  because  it  does  not 
tjdce  into  acocHint  die  losses  oi  icos  and  electrcms  to  the  wads.  Spectroscopic  studies  found  very  strong 
neutcal  lines  in  die  mebaost  ptixmc  of  die  (Bsdharge  diamber,  whidi  is  contrary  to  the  results  Miljevic.  A 
dn^le  extracdoQ  device  was  added  to  increase  die  degree  of  ionizatia)  in  the  exhaust  plume.  The 
extractioD  ring  was  aUe  to  provide  roomily  3  times  the  plume  icnizadoo  coo^pared  to  die  unextracted  case. 
Further  wori:  is  required  to  investigate  potential  sdhemes  to  increase  die  icnizatiOD  d^ree. 
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